Summary.
Effects of hydrocortisone on peritoneal free cells in the mouse were examined by quantitative morphologic procedures. Mice of both sexes at 60 to 65 days of age received one, two, or four successive subcutaneous injections of 0.5mg hydrocortisone every 24hrs. After one injection, peritoneal free cells showed a rapid decrease in number during the first 3hrs.
They then increased up to about 1.5 times the control value at 24hrs and returned to the normal level at 48hrs in both sexes. After two injections, peritoneal cells showed a significant decrease in number in females during the first 2 days.
Thereafter they returned to normal in both sexes at 8 to 12 days.
The three major types of peritoneal cells, type I, II and III cells, which have been described in pervious papers (ABE et al., 1979a, b; HONMA et al., 1980) , differed in response to hydrocortisone.
Type I cells (small lymphocytes) were markedly reduced in number immediately after hydrocortisone injection and remained depleted even 12 days after injection.
Type II cells (medium-sized mononuclear cells) showed the most remarkable response to hydrocortisone.
Changes in the total number of peritoneal cells following hydrocortisone injection were ascribed mainly to those of type II cells. Type III cells (macrophages) did not show any significant changes in number after injection.
Glucocorticoids are known to exert intensive effects on lymphatic tissues (DOUGHERTY, 1952; ITO and HOSHINO, 1962; ESTEBAN, 1968) and monocytes (THOMPSON and VAN FURTH, 1973; Fauci, 1979) . Effects of glucocorticoids on peritoneal cells were observed in mice by THOMPSON and VAN FURTH (1970) , who focused special attention on macrophages and lymphocytes.
As reported in our previous papers (ABE et al., 1979a, b; HONMA et al., 1980) , however, peritoneal cells in mice are composed of three major types, termed type I, II and III cells. Type I cells are small lymphocytes and type III cells are macrophages.
Type II cells are medium-sized mononuclear cells which are distinguishable from the other two types of cells. Therefore each of the three types of cells should be examined when peritoneal cells are experimentally dealt with. In addition, a sex difference should be taken into consideration, because in adult mice there are almost twice as many peritoneal cells in females as in males (ABE et al., 1979b; HONMA et al., 1980) . For these reasons this study was undertaken to examine whether or how peritoneal cells are affected by hydrocortisone with particular consideration to the three peritoneal cell types and sexes. S. HONMA, K. ABE and T. ITO:
MATERIALS AND METHODS
A total of 214 dd-mice of both sexes which were maintained with commercial mouse pellet diets (NMF, Oriental Co., Tokyo) and water ad libitum in constant environmental conditions were used. At 60 to 65 days of age, hydrocortisone acetate (Scheroson F, Schering), 0.5mg in 0.2ml saline, was injected subcutaneously in the nuchal region. For each mouse, one, two, or four successive injections were given every 24hrs.
Mice of both sexes of the same age which were used in the previous study (HONMA et al., 1980) served as the control. The mice were killed with chloroform at various intervals after injection.
Peritoneal free cells were obtained with 10% formalin in 0.1M phosphate buffer (pH 7.5) injected directly into the peritoneal cavity.
The total number and size distribution curves of the peritoneal cells were obtained by Coulter counter and channelyzer (Model ZBI) in the same procedure as previously described in detail (ABE et al., 1979b; HONMA et al., 1980) .
For light microscopic analysis, smears of the peritoneal aspirates were stained with periodic acid-Shiff reagent (PAS) and hematoxylin.
The differential cell counts were performed in 500 cells in smears for each case, as described previously (HONMA et al., 1980 Figure 1a , peritoneal cells rapidly decreased in number immediately after injection. The effect was maximal 3hrs after injection in males and 6hrs in females. Peritoneal cells then increased again and showed about a 50% increase of the control value in males and a 30% increase in females 24hrs after injection. The total number of peritoneal cells was almost at the normal level 48hrs after injection.
In the mice which had received the second injection 24hrs after the first one (Fig. 1b) , the number of peritoneal cells was at the normal level in males, whereas it underwent a 30 to 40% decrease in females during the first 2 days. Thus peritoneal cells showed no sex difference in number. Then they gradually increased in number in the females, whereas they remained almost unchanged in the males. Thus a sex difference was again apparent in the cell number from the 4th day onward.
In the mice treated with four consecutive injections, peritoneal cells showed a considerable decrease in number in both sexes 24hrs after the last injection (Fig. 1c) .
Number of the three types of peritoneal cells: Distribution curves of the cell volume obtained by Coulter counter and channelyzer are shown in Figure 2 . The curves of the control have three peaks in both sexes. The peaks correspond to the frequencies of the three types of peritoneal cells which were designated type I (small lymphocytes), II (medium-sized mononuclear cells) and III (macrophages) in our previous paper (ABE et al., 1979b) . The population size of each type representing each peak can be estimated from the area occupied in the curve.
In mice treated with a single injection of hydrocortisone, the peak which represents the frequency of type I cells is no longer apparent, presumably because type I cells are too small in number to form a separate peak. The frequency of type II cells shows a striking increase especially in females. The peak formed by type III cells is also elevated slightly in height.
In mice treated with two injections, the peak which represents type II cells is similar in height to the control curve but very steep and shifted toward the left. This finding indicates that type II cells decrease in number and volume as compared with those in untreated controls.
The peak formed by type III cells also shows a slight shift toward the left.
The curves obtained from mice receiving four injections are essentially the same in pattern as those from mice treated with two injections.
The number of each type of peritoneal cells in mice treated with hydrocortisone is shown in Figure 3 , 5 and 6. In mice treated with a single injection, as seen in Figure 3 , type I cells (small lymphocytes) decreased to about a half of those of the controls.
Degenerated small lymphocytes were frequently seen in smears of peritoneal cells harvested 6 to 24hrs after injection. They were most frequent 12hrs after injection. They were usually adhered to or occasionally phagocytosed by macrophages (type III cells). Two to seven macrophages surrounded and adhered to one degenerated lymphocyte with piknotic nucleus or sometimes cell debris (Fig. 4) . Type II cells (medium-sized mononuclear cells) underwent a significant change in number following injection. They decreased markedly at first, but then increased strikingly until at 24hrs, they were more numerous than in the controls. Thereafter, type II cells decreased again, and they were almost within a normal range in Fig. 4 were not significantly changed in number after a single injection, although they showed a significant increase 24hrs after injection only in females.
In mice treated with two injections, as seen in Figure 5 , type I cells remained depleted as has been thus far examined, although they tended to be gradually restored after 8 days. Type II cells showed more marked changes in females than in males. In males, they remained less changed in number, although they showed a decrease only 4 days after the second injection. In females, on the other hand, type II cells showed a significant decrease in number especially during the first two days after injection. Thus, no significant sex difference was seen in the number of type II cells early after injection.
In females, however, type II cells then increased in number.
Thus, they were more numerous in females than in males after 4 days. Type III cells exhibited a slight increase in number 24hrs after injection. Otherwise, no significant change was seen in the number of type III cells for either sex according to current examinations.
In mice treated with four injections, type I and II cells became almost a quarter and a half in number, respectively, while type III cells showed almost no changes in number 24hrs after the last injection (Fig. 6 ).
DISCUSSION
After a single injection of hydrocortisone, the total number of peritoneal free cells showed a rapid and marked decrease which was immediately followed by a marked rebounding increase.
Thus, peritoneal cells have returned to baseline in number 48hrs after injection. The rebound in number may occur only following administration of a certain dose of hydrocortisone, because it has not been noted in mice treated with higher doses of hydrocortisone (THOMPSON and VAN FURTH, 1970) . As shown in the results, the initial remarkable change in the number of peritoneal cells is attributed mainly to that in type II cells.
In mice treated with one injection of hydrocortisone, peritoneal cells showed essentially similar changes in total number between the two sexes. After two injections, type II cells decreased in number more markedly in females than in males. Thus no sex difference was apparent in the total number during the first two days after injection.
As reported previously, a significant sex difference in the total number of peritoneal cells in normal adults is ascribed mainly to that in type II cells, and it is caused primarily by a suppressive effect of the testicular hormone (HONMA et al., 1980) . The response of peritoneal cells to hydrocortisone also varies to some extent depending on the sex, and the sex difference is largely attributed to that in type II cells. It has long been known that corticosteroids exert striking effects on lymphocytes (DOUGHERTY, 1952; DOUGHERTY et al., 1964; ESTEBAN, 1968; COHEN, 1972) . As shown in the present results, hydrocortisone causes a depletion of peritoneal lymphocytes (type I cells). The depletion is, at least in part, due to lymphocytolysis, because degenerated lymphocytes were often seen in the specimens harvested 6 to 24hrs after a single injection of hydrocortisone.
These degenerated lymphocytes seemed to be digested by macrophages (type III cells). Two to seven macrophages adhered to one dead lymphocyte with pyknotic nucleus or sometimes cell debris. Thus, it is suggested that these macrophages digest degenerated lymphocytes extracellularly without phagocytosing them.
Peritoneal lymphocytes were not totally depleted even by consecutive injections of hydrocortiosone. About a quarter of the peritoneal lymphocytes were hydrocortisoneresistant and remained in the peritoneal cavity even after four injections (Fig. 6) . Therefore, small lymphocytes contained in the mouse peritoneal cavity are thought to be composed of at least two subpopulations which differ in sensitivity to hydrocortisone.
It is generally accepted that lymphocytes consist of two subpopulations which are different in sensitivity to glucocorticoids (CLAMAN, 1972; GREAVES et al., 1973; ABE and ITO, 1978; FAUCI et al., 1980) . GILLETTE et al. (1973) noted that peritoneal lymphocytes represent a specialized subpopulation of lymphocytes that are functionally different from those in the spleen or lymph node. CATANZARO (1974a, b) reported that peritoneal lymphocytes represent a T-cell-poor population which consists of a large number of B-cells. Thus, peritoneal lymphocytes depleted following hydrocortisone injection may be B-lymphocytes which are known to be sensitive to glucocorticoids.
Type II cells, as seen in the results, undergo a profound decrease in number soon after a single injection of hydrocortisone, but they later increase and return to baseline. Such initial depletion and then rebounding increase of type II cells during a short period suggest that there may be a large pool from which type II cells can readily transit into the peritoneal cavity.
In this relation, milky spots have been considered to serve as a nest of macrophages (MIXTER, 1941; FELIX, 1961; CARR, 1967) though there is some evidence that peritoneal cells may ultimately originate from bone marrow (BALNER, 1963; GOODMAN, 1964; VAN FURTH, 1976) . TAKEMORI (1979) has recently reported that omental milky spots consist of not only macrophages but of two other types of cells which are similar in appearance to type I and II cells of peritoneal free cells. It is also reported that omental milky spots in mice contain no Tlymphocytes (SZANIAWSKA, 1975) . This finding suggests that lymphoid cells in omental milky spots are functionally similar to peritoneal lymphocytes.
Thus, type II cells as well as the other two types of peritoneal cells may be readily derived from omental milky spots. It has been reported that a transient depletion followed by a rebounding increase of blood monocytes is caused by dexamethasone in the mouse (THOMPSON and VAN FURTH, 1970) and in man (PARILLO and FAUCI, 1978) and it is considered to be due to the sequestration and recruitment of the circulating monocytes in a compartment of unknown localization. On the other hand, it has been noted that prolonged monocytopenia is caused by hydrocortisone administered subcutaneously in the mouse (THOMPSON and VAN FURTH, 1970 , 1973 . There is no evidence to indicate that blood monocytes transform immediately into type II cells in the peritoneal cavity.
As demonstrated in our previoue papers type II cells are peroxidase negative and morphologically distinguishable from monocytes (ABE et al., 1979a, b) . In any case, further studies are required to elucidate the origin, kinetics and nature of type II cells.
Glucocorticoids are known to exert an intensive effect on the monocyte-macrophage system (ROSENTHAL and BALOW, 1975; FAUCI, 1979) . Monocytes, either circulating (THOMPSON and VAN FURTH, 1970; LEIBOVICH and ROSS, 1975) or cultured (WERB, 1978; HAMILTON et al., 1976) , are sensitive to glucocorticoids.
On the other hand, tissue macrophages show no decrease in number after the administration of glucocorticoids (THOMPSON and VAN FURTH, 1970; DOMBY and WHITCOMB, 1978) , because they are rather resistant to corticoids and have a long turnover time ( VAN FURTH, 1976; CROFTON et al., 1978 ; VAN OUD ALBLAS and VAN FURTH, 1979) . It has also been reported that hydrocortisone causes little change in the number of peritoneal macrophages (THOMPSON and VAN FURTH, 1970) . The present finding that type III cells (macrophages) undergo no significant change in number after hydrocortisone injection is essentially in accord with the previous findings of THOMPSON and VAN FURTH (1970) .
